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communication between a wayside transmission unit, espe-
cially a balise, and an on-board umt including an antenna
unit, of a railway vehicle, includes the steps of receiving an
excitation signal of the wayside transmission unit by using
the antenna unit 1n a moving state of the railway vehicle and
measuring an electric and/or a magnetic field in a near field
of the wayside transmission unit by using the antenna unit
upon reception of the excitation signal. A near field to far
field transtormation on the field measured 1n the measuring
step 1s performed to detect a presence of a crosstalk phe-
nomenon. A corresponding an on-board unit 1s also pro-

vided.
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METHOD FOR THE DETECTION OF
CROSSTALK PHENOMENA

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method for the detection
of a crosstalk phenomenon 1n the communication between a
wayside transmission umt, WU, especially a balise, and an
On-board Equipment, OBU, of a railway vehicle, wherein
the OBU comprises an antenna unit. The method comprises
the steps of recerving an excitation signal of the WTU via the
antenna unit mm a moving state ol the railway vehicle.
Measuring an electric and/or a magnetic field in a near field
of the WTU wvia the antenna unit upon reception of the
excitation signal.

Technological Background

The determination of the exact position of a moving
railway vehicle like a train 1n the state of the art among
others 1s performed via so called wayside transmission units,
WTUs, which are arranged 1n the environment of the raillway
vehicle. A typical example for such a wayside transmission
unit, WTU, 1s a so called balise. A balise, as for example a
so called Eurobalise, 1s an electronic beacon or transponder
placed between the rails of a railway as part of an automatic
train protection (ATP) system. For a communication with
the balise, the railway vehicle comprises a so called On-
board Unit, OBU, which comprises an antenna unit, the
OBU being adapted to detect a WU and to exchange data,
¢.g. position data with the WTU, for example with a balise,
when the railway vehicle passes, e.g. rides over the balise.

However, the exact vital localization of a railway vehicle
like a train via a WTU 1s error-prone due to the presence of
crosstalk phenomena between several line side equipments,
especially in cases where transponders as the aforemen-
tioned Eurobalises are installed in environments together
with communication loop devices, S-bonds and the like. A
crosstalk phenomenon 1s any phenomenon by which a signal
transmitted on one circuit or channel of a transmission
system as a transponder creates an undesired effect 1n
another circuit or channel. Crosstalk 1s usually caused by
undesired capacitive, inductive, or conductive coupling
from one circuit, part of a circuit, or channel, to another.

Due to the aforementioned crosstalk phenomena, the
detection of a transponder can be shifted by certain distance
which 1s illustrated 1n FI1G. 1. Expressed in other words, FIG.
1 illustrates a deviation of the actual position of a transpon-
der from the position that 1s erroneously detected as the
position of the same transponder, due to the presence of a
crosstalk phenomenon.

In FIG. 1, two different crosstalk phenomena are 1llus-
trated. In the scenarios denoted A and B, shown on the left
and rnight side of FIG. 1, a railway vehicle 300 realized as a
train passes a wayside transmission unit, WTU 100, that 1s
realized as a balise. The driving direction of the railway
vehicles 300 shown i FIG. 1 1s indicated via an arrow
respectively. The raillway vehicles 300 comprise an On-
board Unit, OBU 250, which comprises an antenna unit 200
and which 1s adapted to detect the position of the WTU 100
upon the reception of an excitation signal. In both scenarios
A and B, an 1maccurate position 170 of the balise 1s detected
by the OBU 250. Expressed in other words, the detected
position of the transponder within the WTU 100/balise 1s
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shifted by a distance and deviates from the actual position of
the WTU 100/balise between the rails.

In addition, a crosstalk phenomenon may arise due to the
presence of a wayside transmission umt, WTU, such as
Balises, S bonds and Communication loops 1n a neighboring
track. In such a scenario, the antenna unit of the OBU
receives the excitation signal from the neighboring track
which can lead to a false localization of a train.

In scenario A shown on the left side of FIG. 1, the
alorementioned 1naccurate detection 1s due to a crosstalk
phenomenon that 1s due to the use of linear lines. In scenario
B shown on the right side of FIG. 1, the aforementioned
inaccurate detection 1s due to a crosstalk phenomenon that 1s
due to so called communication loops. Crosstalk phenomena
as the aforementioned significantly complicate the wvital
localization of a railway vehicle 300 as a train. The safety
case ol an automatic train protection (ATP) system has to
consider the aforementioned possible shift 1n the determi-
nation of the position due to crosstalk, which will decrease
the vital detection accuracy of the transponder of a WTU
100. However, 1t 1s dificult to define generic limits to
exclude crosstalk at a certain level.

In the state of the art, the crosstalk phenomenon problem
described hereinbefore 1s addressed and counteracted by the
stipulation of restrictive rules and conditions for the instal-
lation of transponders 1n the field and for the installation of
WTU-readers and especially of balise-readers on board of
railway vehicles. However, these installation rules and con-
ditions are very complicated, can require a high degree of
engmeermg cllort during a certain project and cannot pre-
vent a misuse or distortion e.g. by a transponder accidentally
or maliciously installed under violation of the aforemen-
tioned rules.

SUMMARY OF THE

INVENTION

It 1s thus an object of the invention to provide for a method
that allows for the detection of a crosstalk phenomenon in
the communication between a wayside transmission unit,
WTU, especially a balise, and an On-board Unit, OBU, of a
railway vehicle.

According to the invention, it 1s provided a method for the
detection of a crosstalk phenomenon 1n the communication
between a wayside transmission unit, WTU, especially a
balise, and an On-board Unit, OBU, of a railway vehicle,
wherein the OBU comprises an antenna unit. The method
comprises the steps of: Receiving an excitation signal of the
WTU wvia the antenna umit 1n a moving state of the railway
vehicle. Measuring an electric and/or a magnetic field 1n a
near field of the WTU wvia the antenna unit upon reception of
the excitation signal. According to the invention, the method
comprises the step of performing a near field to far field
transformation, NF2FFT, on the field measured 1n the step of
measuring to detect a presence of a crosstalk phenomenon.

An advantage of such a method 1s that it reliably allows
to detect and to i1dentily a crosstalk phenomenon by per-
forming a near field to far field transformation, NF2FFT, on
the field measured in the step of measuring. The NF2FFT 1s
carried out to determine at least one far field parameter of the
measured electric and/or magnetic field that 1s measured in
the near field of the WTU and transformed to a far field. In
case of the presence of a crosstalk phenomenon in the
communication between the WTU and the OBU, the far field
parameters determined unambiguously differ from known
transponder characteristics. By considering the calculated
parameter 1t can be safely decided if the transponder trans-
mission of a WU was caused by crosstalk or not and the
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transponder information of the WTU can be vitally sup-
pressed 1n case of a crosstalk situation/in case of the pres-
ence of a crosstalk phenomenon. This means the described
procedure oflers a common technical solution which allows
to detect a crosstalk situation or phenomenon by using a
NF2FF transformation and by correlating the transform with
known transponder characteristics. In more detail, the
method according to the mvention allows to minimize the
vital detection maccuracy of a transponder which 1s due to
physical parameters during a detection process. Moreover,
safety margins as defined by the alforementioned restrictive
rules and conditions for the installation of transponders,
WTU-readers and balise-readers, which are provisioned to
account for crosstalk assumptions, can be omitted, because
a crosstalk phenomenon or situation can be detected. In
general, the performance of a transponder detection 1s opti-
mized. Moreover, the atorementioned crosstalk detection
allows for a simplification of the aforementioned installation
rules for transponders and WTUs which makes 1t possible to
mimmize the 1nstallation and engineering effort during cus-
tomer projects. In fact, as a technical procedure for crosstalk
detection 1s provided, the nstallation of WTUs/transponders
inside existing environments can also be performed because
crosstalk phenomena/situations can be handled online. Thus,
the 1nstallation of such W1 Us/transponders does not need to
be compliant with specific safety rules or fulfill specific
engineering conditions. Moreover, the method according to
the mvention 1s not limited to specific transponders, for
example to Eurobalises or railway applications, 1n principle
the procedure 1s applicable for all kinds of transponder
detection. Furthermore, the method allows for the detection
of crosstalk phenomena arising from a WTU that 1s posi-
tioned on the same track that a railway vehicle 1s riding on
as well as from a WTU that 1s positioned on a neighboring
track of the moving railway vehicle.

Preferably, the method comprises the step of performing
a near field to far field transtormation, NF2FFT, on the field
measured 1n the step of measuring to allow for the detection
of the presence of a crosstalk phenomenon.

Preferably, the method further comprises the step of
transmitting data between the WTU and the OBU.
Expressed 1in other words, the method preferably further
comprises the step of reading out the WTU wvia the OBU.

In a preferred embodiment, the On-board unit comprises
at least one probe connected to the antenna unit, wherein 1n
the step of measuring, the near field of the WTU 1s measured
in real time, using the at least one probe for at least one
predefined interval T. Especially 1n such an embodiment, the
method can be provided as an online detection method or
algorithm, allowing for an online or real time detection of a
crosstalk phenomenon or situation during a transponder
reading procedure or during a W1TU reading procedure. In
such an embodiment, the method according to the invention
1s performed 1n real time during the predefined interval T
that can also be denoted “contact length interval” or “contact
length window™. In such an embodiment, the method pro-
vides for results 1n parallel to transponder/WTU reading in
order to decide 1f transponder/W'TU information can be used
or not. Preferably, the at least one probe 1s electrically
connected to the antenna unit.

Preferably, the at least one predefined interval T 1s cal-
culated according to the formula T=(3*L,7 )/ (V,y e
wherein L, 1s the geometrical length of the WTU and
whereinv,,, ... 1s the maximum speed limit allowed for the
railway vehicle. In such an embodiment, an electric and/or
magnetic field can be measured in 1ntervals. By setting the
intervals 1 which a measurement 1s performed to the
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predefined interval T, so to the contact length interval, the
method allows for the measurement of so called closed loop
waveguide patterns ol the electric and/or magnetic field
when the railway vehicle 1s positioned directly on the
transponder or WTU. When such closed loop waveguide
patterns are transformed to a far field, the result will be a
NE2FFT curve with specific characteristics as among others
a narrow beam width. In contrary, when the railway vehicle
1s not positioned directly on the transponder or WTU, the
clectric and/or magnetic field measured within the pre-
defined interval T will have an open loop waveguide pattern.
It a NF2FFT 1s performed on the electric and/or magnetic
field with such an open loop waveguide pattern, the resulting
NF2FFT curve will have other characteristics, as for
example a broader beam width. Thus, via the length of the
predefined interval T, the method can be matched and
adjusted to a corresponding transponder/WTU the OBU
desires to communicate with.

In a preferred embodiment, 1n the step of measuring, the
clectric and/or a magnetic field in the near field of the WTU
1s measured throughout the predefined interval T. In such an
embodiment, the method can be performed 1n a more precise
mannet.

Preferably, the at least one probe 1s adapted to measure the
near field with a frequency of 3 MHz, 4 MHz, 4.1 MHz, 4.2
MHz, 4.3 MHz, 4.4 MHz, 4.5 MHz, 4.6 MHz, 4.7 MHz, 4.8
MHz, 4.9 MHz or 5 MHz.

Preferably, the method further comprises the step of
evaluating a pattern of a near field to far field transformation,
NE2FFT curve received as a result in the step of performing.
Such an evaluation allows for the precise detection of the
position of the transponder/WTU relative to the OBU.
Moreover preferred, the method further comprises the step
of evaluating a pattern of a near field to far field transior-
mation, NF2FFT curve.

In a preferred embodiment, in the step of evaluating, at
least one parameter of the NF2FFT curve 1s determined, the
at least one parameter being chosen out of a group of
parameters comprising: the beam width of the NF2FFT
curve, the polarization of the NF2FFT curve, the directivity
of the NF2FFT curve and the gain of the NF2FFT curve.
These parameters can easily be compared with each other,
thus allowing for a reliable detection of the presence of a
crosstalk phenomenon.

Furthermore preferred, 1t 1s also possible to determine the
farfield pattern or the pattern of a near field to far field
transformation using the NF2FFT based on a reference
frequency of any WTU. In a preferred embodiment, the
reference frequency 1s equal to 1 Mhz, to 2 Mhz, to 3 Mhz,
to 4 Mhz or to 5 Mhz.

Preferably, the step of evaluating further comprises the
sub-step of comparing the at least one determined parameter
of the NF2FFT curve to a corresponding reference param-
cter of a reference NF2FFT curve of a reference WTU.
Especially 1n such an embodiment, the method according to
the 1nvention 1s not based on the detection of absolute signal
levels, which makes the method robust for implementation
and usetul especially for wvital applications. In such an
embodiment, the received NF2FFT curve can easily be
correlated with known transponder characteristics.

In a preferred embodiment, the method further comprises
the step of outputting an indication signal indicating the
presence of a crosstalk phenomenon within the communi-
cation between the WTU and the OBU as soon as the
absolute value of a diflerence between the at least one
determined parameter of the NF2FFT curve and the corre-
sponding reference parameter of the reference NF2FEFT
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curve of the reference WTU exceeds a predefined value.
Such an indication signal can easily be used to correct the
detection performed, thus allowing for a correct detection of
the position of a WTU, for example of a balise and for an
undistorted communication between the WITU and OBU.

Preferably, the On-board unit further comprises a nxm
field-programmable gate array, FPGA, that 1s connected to
the at least one probe and which allows for the measurement
of nxm near field samples within the step of measuring. In
such an embodiment, a precise multidimensional measure-
ment of electric and/or magnetic fields can be carried out
which allows for a precise determination of the position of
the WTU.

In a preferred embodiment, within the step of performing,
the far field 1s calculated according to the following equa-
tion:

wherein A 1s the vector amplitude of the electric field E, k_
1s the propagation constant of the electric field E along a
x-direction and wherein k, 1s the propagation constant ot the
electric field E along a y-direction. In such an embodiment,
it 1s possible to derive all far field parameters needed for the
step of comparing or for the mentioned correlation from the
alforementioned equation. Such derivable parameters among
others can be the directivity of the NF2FFT curve, the beam
width of the NF2FFT curve, the polarization of the NF2FFT
curve and/or the gain of the NF2FFT curve.

Furthermore, an On-board Unit, OBU, of a railway
vehicle comprising an antenna unit 1s presented. According,
to imvention, the OBU 1s adapted to perform a method that
1s according to the mnvention. With such an embodiment, the
precise detection of transponders and WTUs 1s easily pos-
sible.

In a preferred embodiment, the OBU further comprises a
nxm-field-programmable gate array, FPGA. In such an
embodiment, a precise multidimensional measurement of
clectric and/or magnetic fields can be carried out which
allows for a precise determination of the position of a WTU
or of a transponder.

Furthermore preferred, the On-board unit further com-
prises one probe that i1s electrically connected to the nxm-
field-programmable gate array, FPGA, wherein the OBU 1s
adapted to measure an electric and/or a magnetic field in a
near field of the WTU 1n a linear dimension via the FPGA
and the probe. In such an embodiment, electric and/or
magnet fields can be advantageously measured 1n a linear
dimension.

Preferably, the On-board unit further comprises at least
two probes that are electrically connected to the nxm-field-
programmable gate array, FPGA, wherein the OBU 1s
adapted to measure an electric and/or a magnetic field 1n a
near field of the WTU 1n a two dimensional array via the
FPGA and the at least two probes. In such an embodiment,
the probes together with the FPGA can provide for a plain
rectangular scan surface which allows to obtain a measure-
ment of electric and/or magnet fields 1n a two dimensional
array.

In a preferred embodiment, the at least two probes are
arranged along a direction that 1s perpendicular to a driving
direction of the railway vehicle. In such an embodiment,
samples of the electric and/or magnetic field can efliciently
be measured.
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Preferably, the On-board umt further comprises a pro-
cessing unit, adapted to perform the step of performing a
near field to far field transtormation, NF2FFT, on the electric
or magnetic field measured with the at least one probe 1n
order to detect a presence ol a crosstalk phenomenon.
Preferably, the processing unit comprises an On-board com-
puting device, an On-board computer, a digital signal pro-
cessor, DSP and/or a microcontroller. Furthermore pre-
terred, the processing unit 1s further adapted to perform the
step of evaluating and/or the step of outputting an indication
signal as described hereinbefore.

Further aspects of the present invention could be learned
from the dependent claims or the following description.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

Features will become apparent to those of ordinary skill in
the art by describing 1n detail exemplary embodiments with
reference to the attached drawings 1n which:

FIG. 1 illustrates two different crosstalk phenomena,

FIG. 2 illustrates an embodiment of a method according
to the invention,

FIG. 3 illustrates different NF2FFT curves of different
WTUs, balises and/or line side equipments,

FIG. 4 1llustrates the change 1n polarization in the
NE2FFT curve of an electric field of a balise during the
predefined contact length interval T,

FIG. 5 illustrates an On-board umt according to a first
embodiment of the invention,

FIG. 6 1llustrates an On-board unit according to a second
embodiment of the invention, and

FIG. 7 illustrates the rectangular scan surface of the
On-board unit according to the second embodiment of the
invention.

DESCRIPTION OF THE INVENTION

In FIG. 2, 1t 1s 1llustrated an embodiment of a method
according to the invention. In more detail, FIG. 2 shows two
scenar1os A and B 1n which the method 1s carried out.

In both scenarios A and B shown 1n FIG. 2, a railway
vehicle 300, which 1in FIG. 2 1s indicated via a rectangular
frame, moves on rails into a direction X which 1s indicated
via an arrow. The railway vehicle 300 1n this embodiment
exemplarily 1s realized as a train and comprises an On-board
umt, OBU 250 that has an antenna unit 200 and a probe 201
connected to the antenna unit 200. In this embodiment, the
probe 201 1s adapted to measure an electric field E 1n the
near field of a WTU/balise 100, which 1n FIG. 2 1s exem-
planly realized as an Eurobalise. However, the invention 1s
not limited to balises. In fact, the method according to the
invention can be carried out for all kinds of transponders and
be used for the detection of crosstalk phenomena in the
communication with such transponders. Furthermore, the
invention can also be carried out using multiple probes
adapted to measure electric and/or magnetic fields.

In this embodiment, the probe 201 1s placed 1n a near field
region of the WTU 100 keeping a margin with respect to the
ground the railway vehicle 300 1s riding on. In FIG. 2, the
margin 1s denoted H and exemplarily has a value of 10 cm.
However, the distance or margin between the ground and a
probe 201 can also differ from the atorementioned value, as
long as the probe 201 1s arranged in the near field region of
the WTU/balise 100 when passing it. The method will be
carried out when the OBU 250, and especially the probe 201
connected to the antenna unit 200 of the OBU 250, gets into
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the range of the WTU 100. In this embodiment, 1n a first step
S, of the method, the OBU 230 receives an excitation signal
of the WTU/balise 100 via the antenna unit 200 1n a moving
state of the railway vehicle 300. In more detail, the excita-
tion signal 1s a predefined excitation signal corresponding to
a predefined WTU/balise 100. The excitation signal 1is
received via the antenna unit 200 connected to the probe 201

as soon as the probe 201 arrives within a predetermined
range of the predefined WTU/balise 100 the OBU 230

whishes to communicate with. The excitation signal 1s a
predefined signal so that 1t can be distinguished from the
excitation signals of other WTUSs, balises or line side equip-
ments.

Upon the reception of the predefined excitation signal, a
second step S, of measuring an electric field E 1n a near field
of the WTU/balise 100 via the probe 201 connected to the
antenna unit 200 1s mitiated. Expressed in other words, as
soon as the OBU 2350 receives the excitation signal, the
probe 201 1s used to measure the electric field E 1n a near

field of the WTU/balise 100. In general, in the near field of
the balise 100, the electric field of the same has a closed loop
waveguide pattern which 1n FIG. 2 1s 1llustrated by arrows
arranged 1n a rectangular shape. In other embodiments of the
method, besides the electric field E, also a magnetic field H
may be measured. Furthermore, it 1s also possible to carry
out embodiments of the invention in which only a magnetic
fiecld H 1s measured 1n a near field of a WTU. In this
embodiment, the near field of the WTU/balise 100 1s mea-
sured 1n real time, using the probe 201 for a predefined
interval T which 1s also referred to as a predefined contact
length mterval T. The predefined contact length interval T 1s
calculated according to the formula T=(3*L 7 )/ (V,y ax)
wherein L., , 1n this embodiment 1s the geometrical length
of the balise 100 and wherein v,,, ... 1s the maximum speed
limit allowed for the railway vehicle 300. However, the
alorementioned formula 1s a project-specific formula. Thus,
any other formula can be used to calculate the predefined
contact length interval T.

In FIG. 2, the second step S, of measuring in both
scenarios A (shown above) and B (shown below) 1s indicated
via the predefined contact length interval T. As can be seen
in FI1G. 2, after the predefined contact length interval T has
passed, the OBU 250 with the antenna unit 200 and the
probe 201 has moved forward relative to the position of the
WTU/balise 100. In FIG. 2, the new position of the OBU
250, the antenna unit 200 and the probe 201—aiter the
predefined contact length interval T has passed—is indicated
via dashed frames. In the scenario A shown in FIG. 2, the
OBU 250 together with the antenna unit 200 and the probe
201 performs the measurement 1n the second step S, of the
method while the train 1s positioned exactly on or above the
WTU/balise 100. The electric field measured of the WTU/
balise 100 within or during the predefined contact length
interval T thus has a closed loop waveguide pattemn.
Expressed 1n other words, an electric field E with a closed
loop waveguide pattern 1s measured during the predefined
contact length interval T, as the train 1s directly positioned on
the WTU/balise 100 when the measurement 1s performed.

In the third step S, of the method, a near field to far field
transformation, NF2FFT 1s performed on the electric field
measured 1n the step of measuring S, to detect a presence of
a crosstalk phenomenon. In the scenario A shown 1n FIG. 2,
the NF2FFT results in an NF2FFT curve with a narrow beam
width, wherein the resulting NF2FFT curve 1s schematically
illustrated in FIG. 2. The NF2FFT curve 1s characteristic for
a situation 1 which a crosstalk phenomenon 1s not present
in the communication between a WTU/balise 100 and an
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On-board unit 250, and thus characteristic for a situation 1n
which the WTU/balise 100 and its position are detected
correctly.

However, this 1s not the case 1n scenario B which 1s also
shown 1n FIG. 2. In scenario B, the WTU/balise 100 1s
detected too early and thus falsely due to the presence of a
crosstalk phenomenon. Expressed in other words, 1 sce-
nario B, the excitation signal-—due to crosstalk—is detected
too early, and the WTU/balise 100 1s detected before the
train and especially before the OBU 230 passes over the
WTU/balise 100. Therefore, in the scenario B, the secon
step S, of measuring 1s performed when the train and the
OBU 250 are not positioned exactly on the WTU/balise 100.
Due to this shift in position, the electric field measured by
the probe 201 during the predefined contact length interval
T has not a closed loop waveguide pattern, but an open loop
waveguide pattern, as the probe 201 measures the electric
field E which 1s anising due to the loops and line cables 1n
the field. When the NF2FFT 1s performed on the electric
field measured 1n scenario B 1n the second step S, of the
method, the resulting NF2FFT curve has a broader beam
width as the one received 1n scenario A as described here-
inbefore.

In this embodiment, the method further comprises the
fourth step S, of evaluating a pattern of the near field to far
field transformation, NF2FFT curve received as a result in
the step of performing S;. Furthermore, in this embodiment,
the fourth step S, of evaluating further comprises the sub-
step of determining S, ; two parameters of the NF2FFT
curve, wherein the parameters 1n this embodiment exem-
plarily are the beam width of the NF2FFT curve and the
polarization of the NF2FFT curve. However, 1t 1s also
possible to perform an evaluation of the NEF2FFT curve
using other parameters of the same, as for example the
directivity of the NF2FFT curve, the gain of the NF2FFT
curve or any other parameter of the NF2FFT curve suitable
for an evaluation. Moreover, 1n this embodiment, the step of
evaluating S, further comprises the sub-step of comparing
S, , the two determined parameters of the NF2FFT curve to
a corresponding reference parameter of a reference NF2FFT
curve of a reference WTU.

In the scenarios A and B, the fourth step S, of evaluating
and the sub-steps of determining S,_; the two parameters of
the NF2FFT curve and of comparing S, , the determined
parameters ol the NF2FFT curve to a corresponding refer-
ence parameter of a reference NF2FFT curve of a reference
WTU are schematically 1llustrated. In scenario A, the param-
eters determined correspond to the parameters expected and
calculated or deposited, as the NF2FFT curve of the mea-
sured electric field corresponds to the reference NF2FFT
curve of the reterence WTU, which 1in FIG. 2 1s 1llustrated
as a dotted curve. The two NF2FFT curves substantially
have the same beam width and substantially the same
polarization. Thus, a crosstalk phenomenon 1s not detected
in scenario A.

In scenario B, the parameters determined do not corre-
spond to the parameters expected and calculated or depos-
ited, as the NF2FFT curve of the measured electric field does
not correspond to the reference NF2FFT curve of the ref-
erence W1U. In more detail, the NF2FFT curve received as
a result 1n the third step S, of performing and the reference
NEF2FFT curve have different beam widths and—at least in
some Iractions of the predefined contact length interval T—a
different polarization which will be described 1n greater
detail with respect to FIGS. 3 and 4 further below. Thus, 1n
scenario B, the presence of a crosstalk phenomenon 1s
detected.
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Expressed once more in other words, the problem of
crosstalk as illustrated in FIG. 1 and as described hereinbe-

fore 1s solved by the use of a probe 201 and by the
performance of a near field to far field transformation,
NEF2FFT. The NF2FFT 1s used to provide for a proof
whether a crosstalk phenomenon 1s present while reading a

WTU/balise 100. The near fields of the line side equip-
ments—e.g. of diflerent balises and WTUSs the train passes
when driving along the rails—are measured 1n real time
using a probe 201 for a particular contact length interval T.
The process/method starts as soon as the antenna device 200
of the On-board unit 250 receives an excitation signal from
the wayside W'TU/balise 100. The contact length interval T
1s a project dependent parameter, which 1s defined as fol-
lows: T=(3*L;;70)/ (V4 pmax)» Wherem Ly, 1n this embodi-
ment 1s the length of the balise 100 and wheremnv,, .. 1s the
maximum speed limit allowed.

The probe 201 1s placed in the near field region keeping
a margin with respect to the ground. Via the probe 201, the
E field, and in other embodiments also the H field in the near
field 1s measured over the contact length interval T when the
WTU/balise 100 1s activated. As the train moves in a
particular direction, the field 1s measured in intervals.

The NF2FF transformation curve will yield a pattern
which 1s formed due to the electric (and magnetic) field
radiated from the WTU/balise 100. When the train 1s exactly
on the WTU/balise 100, an electric field 1s measured on the
near field of the WTU/balise 100, where the current 1is
forming a closed loop and hence 1t can be measured a field
with a closed loop waveguide pattern. After the NF2FFT has
been performed on the field with the closed loop waveguide
pattern, the result will have a narrow beam width pattern.

In scenario B of FIG. 2, a situation 1s shown in which
crosstalk 1s given and in which the WTU/balise 100 1is
detected falsely before the railway vehicle 300 has passed
over the WTU/balise 100. In such a situation, the probe 201,
which functions as a near field scanner, would measure the
clectric field that 1s arising due to the loops and line cables.
Therefore, the electric field measured 1n scenario B has an
open loop waveguide pattern in the contact length interval T,
giving rise¢ to a broader beam width after the NF2FF
transformation 1s performed on the field measured with the
probe 201.

The near field measured with the probe 201 1s transformed
to the far field to determine parameters which 1n this
embodiment are the beam width and the polarization of the
NEF2FFT curve. In other embodiments, other parameters
may be determined, as e.g. the directivity and/or the gain of
the NF2FFT curve. For the NF2FFT, any transformation
method can be chosen, for example a Founer transforma-
tion. The evaluation or correlation to determine whether the
WTU/balise 100 1s present on the line or not can be
performed by comparing it to a standard far field limit set for
the respective WTU/balise 100 as described hereinbefore.
Due to the distinct resonant frequency and dimension over
the contact length interval T, the WTU/balise 100 has a
contrasting far field 1n comparison to other equipments (see
FIG. 3). Thus, at the end of the contact length interval
T—when the measurement has been carried out—it 1is
possible to detect the presence of a W1 U/balise 100 accu-

rately from 1ts NF2FFT pattern.

In FIG. 3, different NF2FFT curves of different WTUSs are
illustrated. In more detail, FIG. 3 illustrates three different
NE2FFT curves a, 3, v for electric fields measured of
different WTUSs, balises and/or line side equipments 100,
wherein the gain 1s plotted against the ordinate of the
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diagram shown 1n FIG. 3 and wherein the predefined contact
length interval T 1s plotted against the abscissa of the
diagram shown 1n FIG. 3.

Expressed 1n other words, FIG. 3 shows that the electric
and magnetic fields measured of different WTUSs, balises and
line side equipments have different NF2FFT curves when
transformed to a far field. Thus, in the step of evaluating of
a method that 1s according to the invention, 1t 1s possible to
differentiate the presence of e.g. an Furobalise from the
presence of other WTUSs, balises or line side equipments in
the near field measurement performed during the predefined
contact length interval T. In an ideal scenario, the WTU,
balise or line side equipment with the smallest geometrical
dimension provides for the thinnest beam width in the far
field, which 1n FIG. 3 1s the NF2FFT curve denoted c. As
already mentioned hereinbefore, in the fourth step S, of
evaluating of the embodiment of the method as illustrated 1n
FIG. 2 and as described hereinbefore, the beam width and
the polarization of the NF2FFT curves are compared with a
reference NF2FFT curve of a reference WTU. However, 1n
other embodiments, also a correlation function can come to
use within the fourth step S, of evaluating, allowing for the
detection of the presence of for example a particular WTU
or balise.

Furthermore, also the polarity of the NF2FFT curves
differs depending on the time of measurement with respect
to the predefined contact length mterval T, especially when
looking onto the joint S-loop-shaped sections of the curves
where the polanty alters the most due to the phase change of
current distribution of the electric field which can be
detected over the predefined contact length interval T as
shown 1 FIG. 4.

In more detail, FIG. 4 illustrates the change in polariza-
tion 1 the NF2FFT curve of an electric field of a balise
during the predefined contact length interval T. In FIG. 4, the
arrows 1ndicate the electric field of a balise 1n the near field,
wherein the long sides of the rectangular frame shown in
FIG. 4 represent the predefined contact length interval T.
The diagram below the rectangular frame shows the ampli-
tude of the polanization components of the NF2FFT curve
corresponding to the alorementioned electric field. In more
detail, the diagram shows the amplitude of the horizontal
polarization components g and the amplitude of the vertical
polarization components h of the aforementioned NF2FFT
curve over time t 1n seconds.

In FIG. 5, 1t 1s 1llustrated an On-board unit 250 according
to a first embodiment of the mvention. The On-board umt
250 1s realized within a railway vehicle 300, which 1n this
embodiment 1s exemplarily realized as a train. The On-board
umit 250 1n this embodiment exemplarily comprises an
antenna unit 200, a nxm field-programmable gate array,
FPGA 220 and a probe 201 which i1s arranged outside of the
railway vehicle 300 but nevertheless on board of the same.
The probe 201 1s clectrically connected to the FPGA 220
which 1s electrically connected to the antenna unit 200. In
this embodiment, the probe 201 1s electrically connected to
the center of the FPGA 220 adapted to measure electric and
magnetic fields 1n the near field of a WTU i1n a linear
dimension. The On-board unit 250 1s adapted to perform the
method according to the invention as described hereinbe-
fore.

In FIG. 6, 1t 1s 1llustrated an On-board unit 250 according,
to a second embodiment of the invention. In this embodi-
ment, the OBU 250 1s arranged within a train head of a train
300 which 1s moving along a direction which 1s indicated via
an arrow. Also in this second embodiment, the OBU 250
comprises an antenna unit 200 and a FPGA 220 electrically
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connected to the antenna umt 200. In contrary to the first
embodiment, the OBU 250 of the second embodiment

comprises a plurality of probes 201 that are electrically
connected to the FPGA 220, whereimn three probes 201-1,
201-2, 201-3 of the plurality of probes 201 are shown 1n
FI1G. 6. Furthermore, for the sake of a better orientation, a
coordinate system 1s shown 1n FIG. 6. A x-direction of the
coordinate system 1s arranged in parallel to the moving
direction of the train 300, wheremn a y-direction of the
coordinate system 1s arranged perpendicular to the moving
direction of the train 300.

In this second embodiment, the probes 201 are arranged
along a direction that 1s parallel to the y-direction of the
coordinate system. Via the multiple probes, electric and
magnetic fields can be measured 1n a two dimensional array.
The measurement via the probes 1s performed throughout
the aforementioned predefined contact length interval T in
every A/12 interval, wherein A corresponds to the wave-
length of the balise and can be scanned via the probes 201
of the On-board unit 250. In other embodiments, the mea-
surement via the probes can also be performed throughout
any other predefined contact length interval T and 1n any
other interval, for example 1n every A/100, A/200 or A/300
interval. The aforementioned A/X-interval can also be a
project specific parameter. In this embodiment, the distance
between probes 201 1s measured and given as an input
parameter for the NF2FFT. Similarly, 1in this embodiment,
the FPGA 220 1s adapted to measure the near field 1n every
AX distance, e.g. 1 every A/300 distance. Furthermore, in
this embodiment, the scan array has two different scanming,
widths and 1s optimized to get the best performance.

With such an On-board umit 250 comprising multiple
probes 201, it 1s possible to scan a plain rectangular scan
surface, wherein 1n every A/12 interval, an electric and/or
magnetic field 1s measured and stored 1n a matrix as shown
in FIG. 7. In FIG. 7, the measurements of the electric and/or
magnetic fields J,4;_1, J551.5, J-01.3 periormed by the corre-
sponding probes 201-1, 201-2, 201-3 are stored within the
columns and rows of the matrix. If nxm near field samples
are gathered, the far field can be calculated according to the
equation:

wherein A 1s the vector amplitude of the electric field E, k_
1s the propagation constant of the electric field E along a
x-direction and wherein k,, 1s the propagation constant of the
clectric field E along a y-direction. From this equation, all
the far field parameters can be determined, as e.g. the
directivity, gain, beam width and polarization of the
NE2FFT.

Moreover, for example an Eurobalise has a predefined
center frequency and a loop antenna arranged inside which
provide for a unique far field pattern with respect to its
transducer length. Therefore, the diameter of the loop
antenna or the dimensions of other trackside elements have
different antenna dimensions and hence different radiation
characteristics.

REFERENCE SIGNS

100 Wayside transmission umt, WTU, balise
170 Inaccurate position
200 Antenna unit
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201, 201-1, 201-2, 201-3 Probe

220 Field-programmable gate array, FPGA

250 On-board Unit, OBU

300 Railway vehicle, train

h Vertical polarization components

g Horizontal polarization components

a., p, v Different NF2FFT curves

Toni-1s dao10s d001.3 Measurements ol the electric and/or
magnetic fields

S, Step of recerving

S, Step ol measuring

S, Step of performing

S, Step of evaluating

S, ; Sub-step of determining

S, , Sub-step of comparing

The mvention claimed 1s:

1. A method for the detection of a crosstalk phenomenon
in the communication between a wayside transmission unit
or balise and an on-board umt of a railway vehicle, the
on-board unit including an antenna unit, the method com-
prising the following steps:

using the antenna unit to receive an excitation signal of

the wayside transmission unit in a moving state of the
railway vehicle;

using the antenna unit to measure at least one of an

clectric or magnetic field 1n a near field of the wayside
transmission unit upon reception of the excitation sig-
nal; and

performing a near field to far field transformation on the

field measured 1n the measuring step to detect a pres-
ence of a crosstalk phenomenon.

2. The method according to claim 1, which further com-
prises providing the on-board unit with at least one probe
connected to the antenna unit and, during the measuring
step, measuring the near field of the wayside transmission
unit 1n real time by using the at least one probe for at least
one predefined interval.

3. The method according to claim 2, which further com-
prises calculating the at least one predefined interval accord-
ing to a formula T=3*Lw0)/(v,, ,...), Wherein:

L, ,18 a geometrical length of the wayside transmission

unit, and

Vo max 18 @ maximum speed limit allowed for the railway

vehicle.

4. The method according to claim 2, which further com-
prises measuring the at least one of electric or magnetic field
in the near field of the wayside transmission unit throughout
the predefined interval 1n the measuring step.

5. The method according to claim 2, which further com-
prises providing the on-board unit with an nxm field-
programmable gate array connected to the at least one probe
and allowing for a measurement of nxm near field samples
within the measuring step.

6. The method according to claim 1, which further com-
prises evaluating a pattern of a near field to far field
transformation curve received as a result of the performing
step.

7. The method according to claim 6, which further com-
prises determining at least one parameter of the near field to
far field transformation curve in the evaluating step, and
choosing the at least one parameter from a group of param-
cters including:

a beam width of the near field to far field transformation

curve,

a polarization of the near field to far field transformation

curve,
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a directivity of the near field to far field transformation

curve, and

a gain of the near field to far field transformation curve.

8. The method according to claim 7, which further com-
prises performing the evaluating step by carrying out a
sub-step ol comparing the at least one determined parameter
of the near field to far field transformation curve to a
corresponding reference parameter of a reference near field
to far field transformation curve of a reference wayside
transmission unit.

9. The method according to claim 8, which further com-
prises outputting an indication signal indicating a presence
of a crosstalk phenomenon within the communication
between the wayside transmission unit and the on-board unit
as soon as an absolute value of a difference between the at
least one determined parameter of the near field to far field
transformation curve and the corresponding reference
parameter of the reference near field to far field transforma-
tion curve of the reference wayside transmission unit
exceeds a predefined value.

10. The method according to claim 1, which further
comprises, within the performing step, calculating a far field
according to an equation:

o]

o ik
Ei(x, vy, De Jhxxi 7 »k
1

|
Alhs, ky) = -

m

i=1 &

wherein:
A 1s a vector amplitude of the electric field,
k _1s a propagation constant of the electric field along an
x-direction, and
k, 1s a propagation constant of the electric field along a
y-direction.
11. An on-board unit of a railway vehicle, the on-board
unit OBU comprising:
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an antenna unit;
the on-board unit being adapted to:
use said antenna unit to receive an excitation signal of
a wayside transmission unit 1n a moving state of the
railway vehicle;
use said antenna unit to measure at least one of an
clectric or magnetic field 1n a near field of the
wayside transmission unit upon reception of the
excitation signal; and
perform a near field to far field transformation on the
field measured 1n the measuring step to detect a
presence of a crosstalk phenomenon.
12. The on-board unit according to claim 11, which
further comprises an nxm-field-programmable gate array.
13. The on-board unit according to claim 12, which
further comprises:
a probe electrically connected to said nxm-field-program-
mable gate array;
the on-board unit being adapted to measure at least one of
an e¢lectric or magnetic field 1 a near field of the
wayside transmission unit in a linear dimension by
using said nxm-field-programmable gate array and said
probe.
14. The on-board unit according to claim 12, which
further comprises:
at least two probes electrically connected to said nxm-
field-programmable gate array;
the on-board unit being adapted to measure at least one of
an electric or magnetic field 1n a near field of the
wayside transmission unit in a two dimensional array
by using said nxm-field-programmable gate array and
said at least two probes.
15. The on-board unit according to claim 14, wherein said
at least two probes are disposed along a direction perpen-
dicular to a drniving direction of the railway vehicle.
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